This work was carried out to analyse the microbiological parameters of the water quality of a reservoir used for the irrigation and culture of tilapia (Oreochromis niloticus) in floating net cages. The physico-chemical parameters, counts of mesophilic total aerobic bacteria, total and thermotolerant coliforms and fecal streptococci, and the presence of Escherichia coli in samples of water collected in three sites of the reservoir (pre-culture site, culture site, post-culture site) were analysed. The levels of ammonia (0.047-0.059 mg/L), nitrite (0.001-0.021 mg/L) and total phosphorus (0.050-0.355 mg/L) in the water did not show significant differences (p > 0.05) between sampling sites. The levels of total bacteria in the water varied between 1.3 x 10 4 and 67.3 x 10 4 CFU/100 mL. The MPN values of thermotolerant coliforms (< 930 MPN/100 mL) were within values recommended for water used for fish culture and/or irrigation. The presence of E. coli and fecal streptococci were verified in 48% and 56% of analysed samples, respectively. The site with floating net cages showed more samples contaminated with E. coli and fecal streptococci than other sampling points.
Introduction
The intensive culture of fish in cages, such as floating net cages is widespread around the world, and is indicated as one of the major methods for intense fish production in the tropics (Outtara et al., 2003; Liao et al., 2004) . Over the last decade, cage aquaculture in Brazil has expanded in an expressive way, generating substantive income and an increase in the production and exportation of fish. According to the FAO (2009), the freshwater fish produced in fish culture in Brazil constituted for 70% of the total aquaculture production.
The environmental impact of waste (fish faeces, uneaten food, bacterial biomass) from the fish culture industry, notably from cage fish farms, is an increasing issue of concern around the world. The intensive fish culture in cages can lead to the eutrophisation of water bodies and to the emergence of deleterious effects on the water quality, such as the blooms of toxic cyanobacteria that are harmful for wildlife and humans. There are several works on the effect of fish culture in cages on water quality (Ntengwe et al., 2008; Azevedo et al., 2011; Degefu et al., 2011; Schenone et al., 2011) . Cage fish farming is usually performed in small water bodies such as fish ponds and reservoirs, which are often used for plant irrigation. In fish farming projects and irrigation reservoirs, it is essential to control the physical, chemical and biological variables of the water that may affect the survival and growth of fish, as well as the irrigated plant development and human health (Lachi and Sipaúba-Tavares, 2008) .
Successful fish farming in ponds depends on the physical, chemical and biological characteristics of the water and the nutrition management of the aquaculture species. All of these factors in fish farming ponds and lakes are inter-related and require careful and constant monitoring to avoid contamination and/or degradation of the environment. Special attention must be paid to cyanobacteria blooms, which are symptomatic of eutrophication in productive lakes, since they may produce cyanotoxins (Funari and Testai, 2008; Semyalo et al., 2010) which are toxic to vertebrates and can affect human health through direct contact or consumption of contaminated water, fish or plants. Caging aquaculture may also cause other impacts on aquatic environments, such as the destruction of natural habitats and alterations in the structure and dynamics of local organisms, as well as trophic changes (Agostinho et al., 2008; Strictar-Pereira et al., 2010; Dias et al., 2012) .
Microorganisms have a very important function in water bodies, since they participate in the transformation of the nutrients, the nutrition of animals, disease control and they may affect various parameters of water quality, such as dissolved oxygen, pH and ammonia (Moriarty, 1997) .
The indicator microorganisms such as total and thermotolerant coliforms, Escherichia coli and faecal streptococci, are commonly used to assess the contamination level of water and food. The faecal streptococci and, mainly, the enterococos constitute for one of the most efficient indicators for faecal contamination in water (APHA, 1998) .
In this work we examined the reservoir used for the irrigation of sugar cane plantation and for small-scale culture of Nile tilapia (Oreochromis niloticus) in floating net cages in the northeast of Brazil. We analysed some microbiological and physico-chemical parameters of the reservoir to assess the influence of fish cage farming on the water quality.
Materials and Methods

Study area
The reservoir Padre Azevedo with a surface area of 2.32 km 2 is located in the municipal district of Sape in the state of Paraíba, Brazil (07°02'20" S and 35°11'15" W) (Figure 1 ). The regional climate is classified as humid tropical, and annually receives an average rainfall of 900 mm, with two distinct seasonal periods of precipitation: a dry season that normally extends between September and February, and a rainy season from March to August. During the year of this study (2008) the monthly precipitations of the rainy season varied between 150 and 200 mm, and in the dry season between 10 and 50 mm.
The reservoir Padre Azevedo was mainly used to supply water for the irrigation of the sugar cane plantation, and fish farming in net cages was a valuable additional activity. Initially, the reservoir contained 300 floating net cages for the production of Nile tilapia (Oreochromis niloticus), with a volume of 4 m 3 each, but at present the number of cages is lower. The cages were filled with 800 fish of 70 g, with a density of 200 fish/m 3 , and later three gradings were carried out to reduce the amount of fish to 600-700, with a density of 150-175 fish/m 3 .
Sampling and the physicochemical analysis of water
The water samples were collected in three sites from the reservoir at 1.0 m depth : A -pre-cultivation site; Bcultivation site with fish cages; C -post-cultivation site (Figure 1 ), every two months during the year of 2008. The water samples in 2-litre pet bottles were maintained at 4°C for up to 24 hours.
The following physico-chemical parameters of water were analysed: temperature, pH, amount of ammonia, nitrite, total phosphorus and dissolved oxygen according to the methods described by Koroleff (1976) and APHA (1998).
Microbiological analyses of water samples
Decimal dilutions of water samples were made with saline solution 0.9% and plated on selective media. Counts of total aerobic mesophilic bacteria were done on the Plate Count Agar (PCA) (Difco). The plates were incubated at 30°C for 5 days. The enumeration of total and thermotolerant coliforms were realised by the Most Probable Number (MPN) technique, according to APHA (1998), using the following media: the Lauril Sodium Sulfate Broth (presumptive test for the total coliforms); the Lactose Bile 2% Brilliant Green Broth (confirmative test for the total coliforms and the presumptive for thermotolerant coliforms) and the Escherichia coli Broth (confirmation for the thermotolerant coliforms). The presence of E. coli was determined on the fluorogenic medium MUG (Himedia). The quantification of faecal streptococci was done through the MPN technique using the Dextrose Azide Broth (APHA, 1998), and the confirmation of the presence of faecal streptococci was carried out on Enterococos Pfizer medium (PSE, Himedia).
Statistical analysis
The one-way analysis of variance (ANOVA) was performed on the data of bacterial density and physicochemical variables using Statistica (version 5) software.
Mean values and standard errors were generated for each microbial group and physical and chemical parameter.
Results
The results of the physico-chemical parameters of the water samples from the three sampling points on the fish farm reservoir are presented in Table 1 . The average temperature of water in all sampling points varied between 27.8°C and 28.1°C. The pH values showed strong fluctuations over the study period (Table 1) , especially in the culture site (6.2-10.0). Throughout the experiment, the amount of ammonia, nitrite, phosphorus and dissolved oxygen in the reservoir water did not differ significantly between sampling sites (p > 0.05). The levels of ammonia varied from 0.047 to 0.597 mg/L, with higher means for the culture and post-culture sites (B and C) ( Table 1 ). The nitrite varied from 0.001 to 0.021 mg/L, with similar means for all sites. The total phosphorus ranged from 0.050 to 0.355 mg/L, and its highest concentrations were registered between February and August (rainy season). The values of dissolved oxygen slightly varied between the analysed sites, with an average values of between 7.1 and 8.4 mg/L (Table 1) .
Counts of total heterotrophic bacteria ranged from 1.3 x 10 4 to 67.3 x 10 4 CFU/100 mL of water ( Table 2 ). The lowest numbers of bacteria were observed at the end of the rainy season (August) in all sampling sites. Average counts of bacteria were higher in the fish culture site (site B -34.2 CFU/100 mL) than in the pre-and postculture sites (Table 2) .
The total coliforms were found in almost all samples of the reservoir and their numbers varied between 70 and 4600 MPN/100 mL in the period from March to November, 2008 (Table 3 ). The total coliforms number was several times higher in January than in other months. The MPN values of thermotolerant coliforms in water samples were within the limits for the fresh water that can be used for fish farming and irrigation (1000 MPN/100 mL), however one sample collected at the culture site showed a value (930 MPN/100 mL) close to the permitted limit (Table 3) . Site B (culture) was characterised by a higher number of samples with thermotolerant coliforms and higher numbers of these bacteria (Table 4, Figure 2 ). The lowest numbers of thermotolerant coliforms were observed in the water of the pre-cultivation site (site A), where only two samples showed a presence of these bacteria (40 MPN/100 mL).
The presence of E. coli was verified in 48% of the water samples (Table 4 , Figure 2) , and site B (fish culture) showed a higher number of positive samples. E. coli was detected in 1 mL of water in all positive samples, with the exception of one collected in site B (10 -1 dilution) ( Table 4) .
The presence of faecal streptococci was observed in 56% of analysed samples and their numbers varied from 23 to 240 MPN/100 mL (Table 3, Figure 2 ). The postculture site showed more samples contaminated with fecal streptococci (71%).
Discussion
The water quality of the net cages environment directly influences the productivity and the sanity of the fish (Kubitza, 2003; Sapkota et al., 2008) . Theoretically, fish farming in cages in eutrophic environments is predisposed to alterations in the function of high concentrations of nutrients; among them an increase in the eutrofization process, pH changes, and the possibility of increasing the toxicity of the non-ionized ammonia (NH 3 ) and nitrite (NO 2 Gorlach-Lira, K. et al. *A -pre-cultivation site; B -cultivation of tilapia in net cages; C -post-cultivation site. into more evident and frequent processes. The dynamics of nutrients, such as ammonia and nitrite is important for fish farming, especially in the reservoirs in the northeast of Brazil, because of the tropical climate and the presence of alkaline water. The interactions of these environmental factors can influence fish production by increasing the rate of alimentary conversion, reducing the weight gain and leaching of a higher quantity of nutrients into the environment.
During the study of Padre Azevedo reservoir the amount of ammonia, nitrite, phosphorus and dissolved oxygen in the water were similar for all sampling sites. The values of the ammonia observed in the reservoir were lower than the values that are considered harmful to the fish according to Carmo et al. (2008 ). Cardoso Filho et al. (2010 registered similar nitrite values in the water of fish farming effluents used for irrigation. Usually, as in the present work, low values of phosphorus are observed in the tanks with Nile tilapia culture (Baccarin and Camargo, 2005 ).
The influence of floating net cages on water quality Physico-chemical parameters of the water, such as pH, nutrients and presence of toxic compounds may influence the density of bacterial populations. The importance of the microbial population in the reservoirs used for fish farming and irrigation can be resumed by its influence on the amount and diversity of bacteria in the fish during capture, handling and processing, as well as in the microbial contamination of food produced in agriculture under irrigation.
The levels of total mesophilic aerobic bacteria serve as support in the evaluation of the water in respect to the decomposing activity. Bacterial counts in the water analysed were in the range of 10 4 to 10 5 CFU/100 mL. These results were lower than values recorded by Ntengwe and Edema (2008) in the order of 10 6 CFU/mL of fishing culture pond water, but higher than those observed by Ahmed and Naim (2003) in the tilapia culture pond (10 3 -10 4 CFU/mL). Average counts of bacteria were higher in the site of fish culture then in the pre-and post-culture sites of the Padre Azevedo reservoir. Similarly, the culture site was characterised by higher numbers of thermotolerant coliforms and E. coli. However, the contamination level of faecal streptococci was higher in the post-culture site.
The relatively high numbers of bacteria observed in the reservoir reflect the nature of the cultivation of fish in net cages, which uses a considerable volume of alimentary inputs in the reduced area, with a consequent release of high quantities of alimentary residues and metabolites to the environment that can strongly influence the microbiological quality of water. Gondwe et al. (2011) observed that nutrient losses from cages to the surrounding environment in the order of 81-91% for C, 59-80% for N and 85-92% for p, indicating the importance of cage aquaculture as a new source of nutrients, not only locally, but on a lake-wide basis, may stimulate microbial populations. As a consequence, the quality of commercialised fish can be committed due to the high contamination of pathogenic bacteria or saprophytic bacteria that accelerates the deterioration process of the fish.
Furthermore, the high temperature of the water observed in the tropics and the neutral and alkaline pH are favourable for the growth of bacteria. Such conditions were observed in the reservoir analysed in this work, where the water temperature ranged from 26 to 30°C and the majority of samples showed a pH over 8.0 during the period of study.
Our results showed that the water quality parameters of the Padre Azevedo reservoir were within the limits recommended for the production of fish and irrigation. However, the presence of E. coli was verified in 48% and faecal streptococci in 56% of the water samples, indicating the potential risks of contamination of the fish and plants when irrigated with polluted water. Santos et al. (2012) also observed the presence of total coliforms and Escherichia coli in the water of all six studied fish farms in Maranhão State (Brazil), and Alexopoulos et al. (2011) detected faecal coliforms and streptococci in all water samples from different Greek sea fish farms.
As shown in the present and other work, aquaculture environments are characterised by fluctuations of physico-chemical parameters and microbiological indicators caused by different nutrient loads, trophic changes, climatic characteristics, etc. (Baccarin et al., 2005; Degefu et al., 2011; Santos et al., 2012) , and therefore special attention should be paid to the frequency of limnological and sanitary aspects of the water. Fish farming in the reservoirs used for irrigation may benefit aquaculture systems integrated with agriculture (Behera et al., 2012) , however, there is a need to apply monitoring programmes regarding not only the physico-chemical parameters, but also the analysis of cyantoxins and microbiological indicators that are rarely included in the monitoring of the fish farm water quality. The microbial and phytoplankton dynamics in such sensitive ecosystems should be under constant control and frequent monitoring by using sensitive indicators.
